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Abstract 
 
Silicon (Si), the second most abundant element on earth, has dominated in microelectronics for many decades. It can 
also be used for photonic devices due to its transparency in the range of optical telecom wavelengths which will enable 
a platform for a monolithic integration of optics and microelectronics. Silicon photonic nanowire waveguides fabricated 
on silicon-on-insulator (SOI) substrates are crucial elements in nano-photonic integrated circuits. The strong light 
confinement in nanowires induced by high index contrast SOI material enhances the nonlinear effects in the silicon 
nanowire core such as four-wave mixing (FWM) which is an imperative process for optical signal processing. Since the 
current mature silicon fabrication technology enables a precise dimension control on nanowires, dispersion engineering 
can be performed by tailoring nanowire dimensions to realize an efficient nonlinear process. In the last four years, we 
investigated and demonstrated different ultra-fast all-optical nonlinear signal processing applications in silicon 
nanowires for optical time domain multiplexing (OTDM) systems, including wavelength conversion, signal 
regeneration, ultra-fast waveform sampling, demultiplexing, and multicasting, which shows great potentials in the 
future optical communication systems. Although the strong light confinement in nanowires allows efficient nonlinear 
optical signal processing, it also leads to coupling difficulty between on-chip sub-micron nanowires and micro-size 
fibers due to the large mode mismatch and index mismatch. Both end-coupling and grating-coupling solution utilizing 
nano-structures were demonstrated with optimized coupling efficiencies, which make the silicon on-chip nanowire 
devices more practical for real optical communication systems. 
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